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The present invention relates to phenolic thioethers, and their production end use. More particularly, It 
relates to novel phenolic thioethers. which inhibit the denaturatlon of low density lipoproteins {LDL) end the 
incorporation of LDL by macrophages and are useful as anti-arterlosclcrosis agents, and Ihelr production and 
use. 

Atherosclerosis In an extremely common form of arteriosclerosis In which deposits of yellowish plaques 
containing cholesterol, lipoid material and Kpophages are formed within the intlma and inner media of large and 
medium-sized arteries. As the factors causing atherosclerosis, there may be exemplified hypertension, 
hyperlipemia, excessive cigarelle smoking, obesity, diabetes mellitus, hyperuricemia, stress, heredity, lack of 
exercise, etc., and the accumulation of two or more of these factors over a long period of time would lead to 
atherosclerosis. Among those faotora, the behavior of cholesterol existing as LDL in blood is noted. The 
penetration of LDL Into the arterial walls and the Incorporation of LDL by macrophages, which produce the 
accumulation of cholesterol In The inner media and troubles in the blood vessel, are especially Important. On 
the other hand, the factors such as the increase of blood cholesterol due to troubles in the Incorporation of 
LDL Into liver and the metabolism of LDL in liver, the hydrodynamic state of blood due to the change of the 
physical properties of blood and red blood corpuscles, damage to the endothelium, the abnormal hyperplasia 
of arterial walls and the depression of the lipid utilization in arterial tlssues.a/e considered to promote the 
occurrence of atherosclerosis. 

For medical treatment of atherosclerosis, there have heretofore been used anti-arterioscterosl6 agents 
such as pyrldlno! carbamate, lipid lowering agents such as chlofibrate, nicotinic acid, alpha-tyroxine and 
cholestyramine, anti-platelet agar ts such as dipyridamole and aspirin, etc. Also, dl-tert-butylphenol derivatives 
having anti-arteriosclerosis actvity are disclosed In JP-B-520271M, JP-B-60039262. JP-B-61 026539, 
JP-A-52125171, etc. Further, structurally related compounds having antl-oxldative activity are disclosed in 
JP-A^9075551, JP A-49075552, JP-A-58090545, JP-A-61 191670, JP-A-61 -197554, JP-A-61210073. JP- 
A-61218570, JP-A-61268664, U.S. patent 4,076.841, Chemical Abstracts, Vol. 94, 30290c (1981), etc. 

It Is generally considered that normal LDL are not incorporated by reticuloendothelial cells (scavenger cells) 
6uch as macrophages and Kupf^r cells, but denarturated LDL are incorporated through a receptor thereto. 
Also, it is considered that the receptor for denatured LDL does not decrease In number even when a large 
amount of cholesterol la accumulated In cells so that the accumulation of cholesterol is remarkably Increased, 
whereby the conversion into foam cells participating in the cause of atherosclerosis may take place. 

According to the above considerations, atherosclerosis may be prevented by Inhibiting the production of 
denatured LDL The development of drugs which can inhibit the production of denatured LDL has thus been 
desired, but satisfaction is presently not obtained in this respect 

As the result of an extensive study, It has now been found that phenolic thioethers of the following formula 
and their salts are quite effective in inhibition of the denaturation of LDL: 



wherein R Is e hydrogen atom O' a protective group for carboxyl, X Is a straight or branched C4-C-15 alkytene 
group, a straight or branched C0-C13 alkylene group having a phanylene group or a straight or branched 
C2-C16 alkenylene group. (The l2rm "alkenylene* as hereinabove used Is Intended lo mean not only the one 
having only one double bond but also the one having two or more (particularly two) double bonds, inclusively.) 
Thus, they ere useful for prevention of ethcrosderosls. 

With respect to the above formula (I), the protective group for carboxyl represented by the symbol R 
includes any carboxyl-protcctinq group normally having up to 19 carbon atoms, which is detachable without 
causing any undesirable change in any other portion of the molecule. Specifically, it includes a reactive 
carboxy-protecting group, a oharmaceutical carboxy-protecting group (I.e. pharmacologically active 
ester-forming group), etc. 

Representative examples of the reactive carboxy- protecting group are on optionally substituted alkyl group 
having 1 to 8 carbon atoms (e.p. methyl, meihoxymethyl, ethyl, ethoxym ethyl, lodomethyl, propyl, isopropyl. 
butyl, isobutyl, ethoxyethyl, methylthioethyl, methanesurfonylelhyl, trichloroethyl, t-butyl), an optionally 
substituted aikenyl group havirrj 3 to 8 carbon atoms (e.g. proponyt, ally/1, prenyl, hexenyl. phenylpropenyl, 
dimethyihexenyl), an optional!*' substituted aralkyl group having 7 to 19 carbon atoms (e.g. benzyl, 
melhylbenzyl, dimethylbonzyl, methoxy benzyl, ethoxybenzyl, nltrobenzyl, aminobenzyl, diphenylmethyl, 
phonylethyl. trltyl, dM-butylhydr jxybenzyl, phthaJidyl, phenacyl), an optionally substituted aryl group having 6 
to 12 carbon atoms (e.g. phenyl tolyl, diisopropyiphenyl, xytyl. trichlorophcnyl. pentachlorophenyl, indanyl), an 
ester with an N-hydroxyamino i.*ompound having 1 to 12 carbon atoms (e.g. acetoxlme, acetophenonoxime 
acctoaldoxlme, N-hydroxysuccinimide. M-hydraxyphthalimide), a hydrocarbonaled sily! group having 3 to 12 
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carbon atoms {e.g. trimethylsilyl, cfimethylmethoxysilyt, t-butyldlmethylsllyl), a hydrocarfoonated stennyl group 
having 3 to 12 carbon atoms (e.g. trim ethyls tan nyO, etc. These groups may be further op llor tally substituted. 
Since the reactive carboxyt-protectlng group is eliminated in an appropriate step up to the final target product 
Hs structure Is not important insofar as the purpose of protection is attained Thus, various groups equivalent 
thereto (e*g. amide, acid anhydride with a carbonic acid or a carboxylic acid) may be used. 5 

The pharmaceutical carboxyl-protecting group may be. for Instance, a pharmacologically active 
ester-forming group such as an ester-forming group showing en Inhibitory activity on the Incorporation by 
macrophages, a lipid-oxrdal'on preventing activity or an ulcer controlling activity on the oral or parenteral 
administration. Representative examples are a t-oxyg en-substituted alkyl group having 2 to 15 carbon atoms 
such as straight, branched, cyclic or partially cyclic alkanoyloxyalkyl (e.g. acetoxymathyl, acetoxyethyl, 10 
propionytoxymathyl, plvaloyloxymethyl. pivaloyloxyethyl, cyclohexaneacatoxyethyl, cyclohexanecarbonylox- 
ycydohexyt methyl), alkoxycarbonyloxyalkyl havng 3 to 15 carbon atoms (e.g. ethoxycarbonyloxyethyl, 
Isopropoxycarbonyloxyethyl, isopropoxycarbonytoxypropyl, t-buioxycarbonytoxyethyt, Isopentyloxycarbony- 
loxypropyi. cydohexyloxycarbonyloxyethyl, cyclohoxylmcthoxyoarbonyloxyethyl, bornyloxycarbonyloxyiso- 
propyl), alkoxyalkyl having 2 to 8 carbon atoms (e.g. methoxymethyl, methoxyethyl), 2-oxacycloaJkyl having 4 IS 
to 8 carbon atoms (e.g. tetrahydropyranyf, tetrahydrofuranyl ester), substituted aralkyl having 8 to 12 carbon 
atoms (e.g. phenacyl, phthalidyl), aryl having 6 to 12 carbon atoms (e.g. phenyl, xylyl, Indanyl), atkenyl having 2 
to 12 carbon atoms (e.g. ally', (2-oxc-1,3-dioxolyl)m8triyl), etc. These groups may further be optionally 
substituted. 

Examples of the straight or branched C4-C16 alkylene group represented by the symbol X (as having a 20 
carboxyl group at the l-posltton) are tetramethylene, pentamethylene, hexamethylene, heptamethylene, 
octamethylene, nonamethylana, decamethylene, undecamethylene, dodecamelhyiene, Irldecamelhylene, 
tetradecamethylene, pentadecamethylene, 1,1-dlmethylothyiene, 2,2<Jimcthylcthytcnc l 1-mcthyttrimcthylcnc, 
1-ethyttrimethytene. 2-methyltri methylene, 2,2-dimethyltrlmeihylGne, l-methyttetramathylene, 2-methyltetra- 
metnylene 2,2-dlmethylhexamfi^ylene, 1-methytheptamethylene, 2.methylheptamethylene. 2,2*dimethylhep- 2S 
tamethylene, 1-mothyioctamcttyiene, 2-methyloctamethylene, 2,2HJlmethylnonamethylene. etc. 2-methyinon- 
emeihytene, 2,2-dimethylnonamethylene, 

As the straight or branched C2-C15 alkenytene group represented by X (as having a carboxyl group at the 
1-position), there may be exemplified vinylene, l-propcnc-1,3-diyt. 2-mcthyl-1-propcnc~1.3--diyt, 2-mcthyl- 
1-propene-1,2-dlyt, 1-butene-tVdiyI, 1,9-butadiene-1.4-dryl, 1-butene-1.3-dlyl, 1-pentene-1,5-dlyl, 1,3-penta- SO 
dione-1,5 -diyl, i-hexene-l,6-diyl, 1 ,3-h©xadlene-1 ,6-dlyl, 1 -hapten e-1,7-dlyl, 2,e-dlmethyl-l,5-heptadlene- 
1.6-dtyl. 1.3,5-heptatrlleno-l 2,6-dlmethyM,3,5-heptatriene-1,6-diyl, l-octerte-^S-diyl, 1 ,3-octadiene- 
1,8-dlyl, 1-nenene-l,9-diyl ( 1-c!ecene-1,10-diyt. 1-undecerte- 1.11-diyl, l-dodecene-l.^-dlyl, 1-tridecene- 
1,13-diyl. 1-t9tradQcono-l.i4-diyl. i-pentadecene-1.1$-dly| t 1-methyl-2-butene-1,3-dlyl, 2-butene-2,3-dlyl, 

4- methyt-1-pentene-1,5-diyl, 1-hexene-1,4-dty1 t 6-methyf-l-heptene-17-diyl, 1-octene-1,7-diyt, 7-methyl- 36 

I- nonene-1,9-dlyl, 8,3-dimethyM-decene-I.IO-diyl, etc. 

Examples of the straight or b anched Ci-Cis alkylene group having a phenylene group represented by X are 
those having a C1-C15 alkylene group (e.g. methylene, ethylene, trlmethylene) or a Ca-Cis alkylene group at 
the 4-postdon of a phenyl group (as having a carboxyl group at the 1-position), optionally further bonded with a 
Ci-Ct« alkylene group at the i-position. 4y 

When X in the phenolic thioethers (I) represents a hydrogen atom, it may be in the form of a free acid or a 
salt. In case of a salt form, It may be in a metal salt form or a quaternary ammonium salt form. Examples of the 
motaJ which forms a metal salt ire metals belonging to Groups I to III In the 2nd to 1th periods in the periodic 
table (e.g. lithium, sodium, potassium, magnesium, calcium, aluminium). Examples of the amine which forms a 
quaternary ammonium salt ar» alkylamines having not more than 12 carbon atoms (e.g. irimelhyfainlne, 45 
triethyiamine. methyfmorphollne), aromatic bases having not more than 9 carbon atoms (e.g. pyridine! 
collldlne, plcoline, quinolina, dimathylaniline), amino acids (e.g. glycine, lysine, arglnlne). etc. The quaternary 
ammonium salt is suitable for production or storage. 

Illustrative examples of the ohonolic thioethers (!) of the invention are as follows; 

5- (3 ( 5-DI-terr-buiyl-4-hydroxyphenylthio)pentanorc acid; & 

6- (3,5-DI-tert-buiyl-4-hydroxyphenylthlo)hexanoic acid; 

7- (3,5-DI*tert-butyl-4-hydroxyphenyfthio)heptanoic acid ; 

I I- (3,5-Di-tert-butyl-4-hydroxypheny(lhio)undecanoic acid; 
12-(3^-DI-tert-butyl-4-hydroxyph©nylthIo)dodecanolc acid; 

3- (3.5-Di-tert-butyl-4-hydroxyphenylthio)acryllc acid; 55 
6-(3^-DI-tert-butyl-^hydroxyphenylthio)-2,4-h©xadjenoic acid; 

4- (3,50i-tert-butyt.4-hydroxyphcnylthio)crotonic acid; 
alpha-(33-Di-tert-butyM-hydroxyphenylthio)-p-toluic acid, etc. 

These compounds can be t onverted Into their salts or esters, when desired. 

The phenolic thioethers (I) enn be produced by reacting 2,6 -di-tcrt i>u1yt 4-mcrcaptophenol of the formula; 60 
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(JP-A-6V288664) with an alkylating agerrt, optionally followed by carboxyl-protecting group formation, 
salt-formation and/or carboxy-protecting group elimination. 

The reaction may be performed In a per se conventional procedure for synthesis of a sulfide. As the 
alkylating agent, there may be exemplified (A) halogenated aliphatic acids such as (1) halogenated alkanoic 
acids (e.g. 4-hromobutanoic acid. 5 bromopentanolc acid, 6-bromohaxanoic acid, 6-bromo-3-methylhoxanoic 
acid, 7-brcmoheptanolc acid, 8-bromooctanoic acid, 9-bromononanolc acid, 10-bromodecanoic acid, 
11-bromoundecanolc acid, 12-bromodecanoicacld, 13-bromotrldecanoic acid, 14-bromot9tradecanoic acid, 
15-bromopentadecanoic acid, their 2~methyL 2.2-dlmethyl and/or chloro derivatives), (2) halogenated alkenoic 
acids (e.g. 2-bromo-2-propenolc acid, 4-bromo-2-butenoic acid, 5-bromo-2-pentenolc acid, 6-bromo-2-hexa- 
noic acid, 6-bromo-2,4-hexanedienolc add, 7-bromo-?-heptenoic acid, 7-toromo-2.4-heptadienoic acid, 
8-bromo-2octenolc acid, 8-bromo-4-octcnoic acid, 8-bromo-2,4-uctadlenoic acid, Q-*romo-2.4.6,-octatrie- 
noic acid, 9-bromo-2-noneic acid, 10-bromo-PA-decadienoic acid) or (3) halogenated alkanoic acids having a 
phenylene group (e.g. alpha-bromo-p-tolulc acid, 4-bromomethylphenylecetic acid), (B) unsaturated aliphatic 
acids such as (1) alkanoic acid (e.g. 2-butenoic acid, 4-hentenoic acid, 5-hexanoic acid, 6-heptenolc odd, 
7-octcnoic acid, 8-nonenonic acid, 9-decenoic acid, 10-undecenolc acid, 11 decenolc acid ( 12-trldecenoic 
acid. 13-tetradecenoic acid, 14 pentadecenole acid, 2,5-hexadienolc acid) or (2) alkynoicacid (e.g. 2-propionic 
add. 2-butynic acid) and their carboxy-protected derivatives, for instance, carboxylic esters. 

When a halogenated aliphatic acid l6 used as the alkylating agent, the reaction may be carried out In the 
presence of a base (e.g. sodium hydroxide, potassium hydroxide, calcium hydroxide, potassium carbonate, 
pyridine, triathytamine) In a solvent such as alcohols (e.g. methanol, ethanol, propanol, t-bulanol), ethers (e.g. 
diethyl ether, tetrahydrofuran), r romatlc solvents (e.g. benzene) and N.N-dimcthytacetamide under cooling, at 
room temperature or while reflux for a period of about 10 minutes to several ten hours. For acceleration of the 
reaction, the reaction may be carried out In a heterogeneous phase of an organic layer and an aqueous layer in 
the presence of a phase transfer catalyst [e.g. hexadodacyl-tri-n-buiylphosphonium bromide, tetraethytam- 
monium chloride). 

When an unsaturated aliphal c add is used as the alkylating agent, the reaction is normally effected In an 
ethereal solvent (e.g. diethyl ether, tetrahydrofuran) at room temperature or under heating, if necessary, in the 
presence of an activator such is oxygen, peroxides, azoblslsobutyronitrile, sulfur, sulfuric acid, piperidlne, 
trletbylamine, Triton B* or N-rrethytmorpholine. 

Elimination of the carboxyl-p;otactlng group may be accomplished by a per se conventional procedure, for 
instance, by treating with water in a water-miscible solvent such as an alcohol (e.g. methanol, ethanol), an 
ether (e.g. diethyl ether, tetrahydrofuran, dioxane) or 1,2-dimcthoxyethane, if necessary, in the presence of an 
acidic catalyst (e.g. hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid, p-toluenesulfonic acid, 
methanesulfonic add} or a bas e catalyst (eg. sodium hydroxide, potassium hydroxide, sodium bicarbonate, 
sodium melhoxlde) at room temperature or under heating for a period of several minutes to several hours, or 
by catalytic reduction. 

The active ester-formation may be aohieved by a per se conventional procedure, for Instance, by reacting 
the phenolic thioether (I: R = H) with an alcohol or phenol derivative in the presence of a condensing agent 
such as 'dicyclohexylcarbodiimide. by reacting the acid chloride derivative of said phenolic thioether with an 
alcohol or phenol derivative in the presence of a basic substance (e.g. metallic magnesium, dimethylaniline, 
pyridine, sodium hydroxide), by reacting said phenolic thioether with an alcohol or pher»ol derivative In the 
presence of an acid catalyst (e.g. dry hydrogen chloride, cone, sulfuric acid), or by reacting a sett of said 
phenolic thioether with a hallc'e. 

The salt of the phenolic ihloMher (I: R = H) as above stated can be easily produced according to a per se 
conventional procedure, for instance, by reacting the phenolic thioether with an appropriate base such as an 
alkali metal or alkaline earth meiel hydroxide or carbonate, ammonium hydroxide, ammonia or on organic 
amine In a theoretical amount in an appropriate solvent. The salt is readily recovered from the reaction mixture, 
for Instance, by lyophytizing or concentrating and Tillering. 

The phenolic thioethers (I) of the invention can prevent the Incorporation of LDL into macrophages, tho 
oxidation of lipid, the formation of ulcer, etc. Therefore, they are useful for prevention and treatment of 
arteriosclerosis, gastric ulcer, allergic diseases, phlogistic symptoms, etc. 

Trie phenolic thioethers (I) may be administered orally or parenteral^ to patients. For the oral administration, 
they are normally formulated nto conventional preparation forms such as solid preparations (e.g. tablets, 
powders, capsules, granules) or liquid preparations (e.g. aqueous dispersions, oily suspensions, syrups, 
elixirs). For the parenteral administration, they arc usually applied in an injectable form such as aqueous 
solutions or oily dispersions. On the formulation of the above preparations, there may be used excipients, 
binding agents, lubricants, solvents, solubiluers, emulsifiers. dlspersants. etc. Other additives such as 
preservatives and stabilizing ; .gents may be aJso used. 

The dosage of the phenoli: ihioethers (I) varies depending upon the dosage form, age, bodyweight, 
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symptom, etc. of the patient. For instance, the dosage for an adult ranges usually from about 5 to 5000 mg per 
day for oral administration or 05 mg to 500 mg pgr day for subcutaneous Injection. 

Thus, in one aspect the invention provides a pharmaceutical or veterinary formation comprising a phenolic 
Ihfoether as defined above or salt thereof formulated for pharmaceutical or veterinary nee, respectively, 
optionally together with an acceptable diluent, carrier or excipient and/or In unit dosage form. 5 

In another aspect the invention includes a pharmaceutical composition for the prevention or treatment of 
arteriosclerosis, which comprises an effective amount of a phenolic thioether as defined above or salt thereof 
as an active ingredient, and a Dharmaceutically acceptable inert earner or diluent. 

The Invention further provides the use of a phenolic Thioether as defined above or salt thereof In the 
preparation of a medicament. iq 

In yet another aspect the Invention provides a method for the manufacture of a pharmaceutical or veterinary 
formulation comprising formulating a phenolic thioether as defined above or salt thereof for pharmaceutical or 
veterinary use. respectively, optionally together with an acceptable diluent carrier or excipient and/or In unit 
dosage form. 

Practical and presently preferred embodiments for production of the phenolic thtoethers (I) are shown in the 15 
following Examples, but It sho jW be understood that these examples are given only for the Illustrative 
purposes and do not limit the present invention thereto. 



Example 1 

5-{3^-DI-tert-butyl-4.hydroxyphenyllhiu)penianolc acid (la)> 




H0 \ _/ S (CH 2 ) 4 C00H 



W 2 ) 2 C (CH 3 ) 3 C/ 



(ID (la) 



so 



26 



$0 



To a solution of 2,6-di-tert-b jtyl-4-mercaptophenol (II) (400 mg) in ethanol (4 ml), a solution of sodium OS 
hydroxide (134 mg; 2 equivalent) In water (0.3 ml) was added while cooling with ice In nitrogen stream, and 
the resultant mixture was kepi e* the same temperature for 5 minutes. After addition of 5-bromopentanoic acid 
(334 mg: 1 equivalent) thereto, the resulting mixture was stirred for 1 hour and allowed to stand at room 
temperature ovornight. The reaction mixture was poured into water, made acidic with 2N hydrochloric acid In 
the presence of ethyl acetate and extracted with ethyl acetate. The organic layer was washed with water, dried 40 
over magnesium sulfate and concentrated under reduced pressure to give an oily residue, which was 
chromatographed on silica gel and eluted with a mixture of toluene and ethyl acetate (9 : 1 to 2 : 1 by volume) 
to give an oily residue (555 mg) . ^crystallization from a mixture of ethyl ether and n-hexane gava ihe objective 
compound (la) (423 mg). m.p.. 99- 100 e C, Yield, 74J0^ 



Elflmentary analysis IdeHaoOsS; 338.50); 

Oalcd. (o/o): C. 67.41; H, 8.93; S, 947 

Found (o/o): c, 67.40; H, 8.79, 3, 9.32. 

IR v max (CHCW crV 3640. 3520, 3040 (or), 1740, 1710.NMR 6 ppm (CDCb): 1.45 (s, 1BHJ. 1 60- 1 90 [m 
4H), 2.28 - 2.44 (m. 2H). 2.75 - 2.90 (m, 2H) 5.17 (s, 1H). 7.23 (s 2H). 

Examples 2 to 4 

3,5-DI-tert-butyM-hydroxyphenylthioaJkanoic acid (lb-ld):- 
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Br (CH-) COOH 
z n , 

NaOH/EtOH 



(n = 4 - 10) 



(CH 3 ) 3 C 

HO 
<CH,),C' 



S(CH 2 ) n COOH 



'3 'Y 



(lb - Id) 



To a solution of 2,6-dl-tert-buiy1-4-mcrcaptophenol (II) In ethanol, 5N sodium hydroxide solution (see Table 
1) was added while cooling with Ice In nitrogen stream, and the resultant mixture was kept al the same 
temperature for 5 minutes. After addition of bromoalkanolc add thereto, the resulting mixture was stirred for 1 
hour and allowed to stand at room temperature overnight. The reaction mixture was poured into water, made 
acidic with 2N hydrochloric acid in the presence of ethyt acetate and extracted with ethyl acetate. The organic 
layer was washed with water, dried over magnesium sulfate and concentrated under reduced pressure. The 
residue was chromatographed on silica gel and ©luted with a mixture of toluene and ethyl acetate (9 : 1 to 9 : 1 
by volume). The collected freer ons were concentrated under reduced pressure. The crystalline residua was 
recrystaliized from n-hexane to give the objective compound (lb - Id). 

According to the above general procedure, the reaction was conducted under the conditions as shown In 
Table 1 to give the products as shown below and in Table 2. 
^(3 t 5^l-tert-butyl-4-hydroxyphenylthio)hexanolc acid (lb); 
7-(3^i-toa-butifr-4-hydroxyphenylThlo)heptanoic acid (Ic); 
11-(3^Di-tert-butyl^t-hydroxypheny1thio)undecanole acid (Id). 

Table 1 



30 


Example No. 


n 


2,6-dl-tert- 
butyI-4-mer- 
captophenol (II) 
(9) 


Ethanol (ml) 


5N MaOH (ml) 


Bromoalkanoic 
acid (g) 


3S 


2 


5 


2.0 


18 


3.36 


1.63 


3 


6 


2.0 


18 


3.36 


1.75 




4 


10 


0.6 


6 


1 


0.33 



40 



45 



50 



55 



60 



65 
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Example 5 

12-(3 l 5-0i-lefl-bulyl-^hydroxyphenyllhlo)dodecano(c acid (le)> 



10 



(CH 3 , 3 C. 

H0_ v y" SH 



(CH 3 ) 3 



(CH 3 ) 3 



H0 "v s (ch 2 ) n coou 



(CH 3 ) 3 C^ 



15 



(II) 



(Ie) 



20 



30 



To a solution of 2.6-di-terl-butyl-4-mercaptophenol (II) (477 mg; 2 mmol) in dry ethenol (20 ml), water 
containing 12-bromododecanolc acid (558 mg; 2 mmol) and 97 Q* sodium hydroxide (250 mg; 6 mmol) was 
added, and the resultant mixture was allowed to stand at room temperature for 20 hours. The reaction mixture 
was made acidic with 10 aqueous acetic acid and extracted with ethyl acetate. The extract was washed two 
times with water, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The crude 
product thus obtained was chromatographed on silica gel and eluted with ethyl acetate. The collected 
fractions were concentrated ur der reduced pressure. The residue was recrystallired from a mixture of water 
and methanol (1 : 1 by volume) to give the objective compound (le) (680 mg). Yield, 78 <to. m.p., 41 -42*0. 



Elementa/y analysis (CasHaOaS): 



Calcd. 
Found 



TO: C, 
W: C, 



71.61; H, 
71.16; H ( 



10.16; S. 
10.32; S, 



7.34. 
7,13. 



IR v max (Nujol) cnv» : 3640 (OH), 1720, 1695 (CO). NMR 5 ppm (CDCla); 1.25 <9, 18H, 16 x CH 2 ), 142 (s 18H 2 
xC(CH 3 ) 3 ). 160 (m,2H.-CH 2 CH 2 C(H 2.31 (t, 2H. CHzCO), 2.80 (t,2H, -SCHH, 5.22 (s, 1H OH), 7.20 [s, 2H 
35 aromatic H). 

Example 6 

3-(3,5-Di-tert-butyl-4-hydroxy)phenylthioacrylic acid (lf):- 



40 



45 



(CH 3 ) 3 C 



HO -ft 
(CH 3 ) 3 (/ 



(CH 3 ) 3 C 



(CH 3 ) 3 C 




SCH=CHCOOCH. 



50 



(ID 



(If-a) 



55 



GO 



(CE 3h c \ 

KO-C^ V VsCH=CliCOOH 
<CH 3 ) 3 C/ 



(If-b) 
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To a solution of 2.6-di-tert-butyl^mdrcaptophenol (II) (980 mg; 4.11 mmol) in dry tetrahydrofuran (20 ml), 
methyl propiolate (360 mg; 4.3 mmoJ) and N-methylmorphollne (435 mg; 4.3 mmol) were Added, followed by 
heating under reflux for 3 hours. The reaction mixture was concentrated under reduced pressusre and 
extracted with ethyl acetate (100 ml). The extract was washed with water (10X3 ml) two times and concentrated 
under reduced pressure to give an intermediate ester as colorless crystals (lf-a) (1 28 9). Yield, 96.6 <4b. m.p.. 
102 - 103° C. The inter mediate ester (1.28 g) was dissolved in ethanol (50 ml), 10 <ft sodium hydroxide solution 
(20 ml) was added thereto, and the resultant mixture was allowed to stand at room temperature for 20 hours. 
To the reaction mixture, acetic acid (2 ml) was added, and the resulting mixture was concentrated under 
reduced pressure. The oily substance as precipitated was extracted with ethyl acetate (50 ml). The extract was 
washed with water (50 ml) two times, dried over anhydrous sodium sulfate and concnetrated under reduced 
pressure. The crystalline residue was recrystadized from a mixture of water and methanol (1 : 1 by volume) to 
give the objective compound (if-b) (890 mg). Yield, 70<Vfc m.p.» 217-219°C. 



Elementary analysis (C17HZ4O3S): 
(Vo): C. 



Calcd. 
Found 



(Vo): C, 



66.20; H, 
65.85; 11. 



7.84; S, 
7.82; S, 



10.30. 
1024. 



10 



15 



IR vmax (Nujol) cmr»: 3630 (OH), 1692, 1870 (CO).NMR 8 ppm (CDCb): 1.45 (« f 18H, 2x C(CHa)j), 5.42 (a, 1H, 20 
OH),5.52(d,1H,J - 15Hz, = CH-CO) , 7.26 (s, 2H ( 2 x aromatic H), 7.89 (d,1H, J - 15Hz, -S-CH=). 

Example 7 

6-(3,5-Dl-tert-butyi^ydrcayphenylthio)-2,4-hexadienolc acid (lg)> 25 



(CH 3 ) 3 




(CH 3 ) 3 C N 

-> Ko//_y-SCH 2 (CII=CH) 2 COOH 

(CH 3 ) 3 </- 



30 



(ID 



(ig) 



35 



To a solution of P,6-dl-t9rt-butyl-4-mercaptophenol (II) (238 mg; 1 mmol) in dry ether [5 ml), rricthyiamine 
(150 id) was added, and a solution of methyl 8-bromo-2,4-hexadienoete (205 mg; 1 mmol) in dry ether (2 ml) 
was added thereto while cooling with ice. The reaction mixture was stirred at room temperature for 2 hours, 
combined with water (20 ml) and extracted with ether (50 ml). The extract was washed with water (50 ml) two 
times, dried over anhydrous sodium sulfate and concentrated under reduced pressure. The oily residue was 
chromatographed on silica goi and eluted with a mixture of ether and n-hexane (1 : 2 by volume). The 
intermediate product (380 mg) thus obtained was dissolved in ethanol (20 ml), 5 0/0 aqueous sodium hydroxide 
solution (5 ml) was added thereto, and the resultant mixture was allowed to stand at room temperature for 20 
hours. To the reaction mixture, acetic acid (1 ml) was added, and the ethanol was evaporated under reduced 
pressure lo make a volume of about 5 ml. The condensate was extracted with ethyl acetate (50 ml), and the the 
extract was washed with water (50 ml) two times, dried over anhydrous sodium sulfate and concentrated 
under reduced pressure. Tho residue was chromatographed on silica gel and eluted wtth a mixture of ethyl 
acetate and methanol (10 : 1 by volume). The collected fractions were concentrated under reduced pressure, 
and the cryeteJflne residue was recrystalJized from a mixture of ether and n-hexane (1 : 4 by volume) to give the 
objective compound (Ig) (105 mg). m.p., 129 -131°C. Yield, 30 Vo. 



Elementary analysis (C2oH2sOaS): 



Calcd. 
Found 



(<Vu): 



68.93; 
68.84; 



H. 
H, 



6.10; S, 
8.07; S, 



9.20. 
9.06. 



IRvmax (Nujol) cm" 1 ; 3640 (OH), 1690, 1675 (CO). NMR 5 ppm (CDCb): 1.40 (s, 16H 2xO(CH 3 b) 349 (d 2H 
J - 7 Hz. SCH 2 ), 5.25 (s, 1H. OH), 5.65 - 6.39 (m, 4H. -CH= CH-CH«CH-) ( 7.22 (s'2H, 2 x aromatic H) 9 20 
(broad. 1H, COOH). 
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Example B 

4-(S.5-Oi-t8rt-bxjtyl-4-hydroxyphcnyllhio)croionlc acid (lh)> 

5 (CH 3 ) 3 C tCH 3>3 C V 

HoT/A-sh > HO-T ^-SCH,CH=CHCOOH 



10 



15 



35 



50 



55 



<CH 3 ) 3 C/ (CH 3 ) 3 (/ 

(II) (IM 



To e solution of 2,6-dHcrt-butyW-mercaptopheriol (II) (590 mg; 2.48 mmofl in dry ether (10 ml), 
iristhylamine (303 mg; 3 mrnol) was added, and a solution of ethyl 4-brornocroLonate (580 mg; 3 mmol) in dry 
ether (5 ml) was added while cooling with Ice, followed by stirring at room temperature for 2 hours. The 

20 reaction mixture wee combined with water (50 ml) and extracted with ether (50 ml). The extract was washed 
with water (50 ml) two times and concentrated under reduced pressure. The crude intermediate product as 
pale yellow oil was dissolved In ethanol (30 ml), no % sodium hydroxide solution (3 ml) was added thereto, and 
the resultant mixture was stirred at room temperature for 2 hours. To the reaction mixture, acetic acid (2 ml) 
was added, and ihe resulting mixture was concentrated under reduced pressure to make a volume of about 10 

25 ml. which was extracted with ethyl acetate (50 ml). The extract was washed with water (50 ml) two times, dried 
over anhydrous sodium sulfate and concentrated under reduced pressure. The residual oil was 
chromatographed on silica gel and eluted with ethyl acetate. The collected fractions were concentrated under 
reduced pressure, and the crystalline residue was recrystallized from n-pentane to give the objective 
compound (In) (270 mg). m.p. 104-106°C. Yield, 34«Vb. 

30 

Elementary analysis (CioHaeOsS): 

Calcd. . (0/u): C. 67.05; H, 8.13; S, 9.94. 

Found (o/o): C. 66.99; H, 8.11; S, 10.04. 

IR v max (Nujol) cm-1 : 3640 (OK), 1713, 1705 (CO).NMR 6 ppm (CDCIa) : 1 .43 (s, 18H, 2 x CfCHaJs), 3.34 (d, 2H, 
J = 6 Hz, -SCH 2 -), 5.26 (s, 1H. OH), 5.75 (d, I, 1H, J = 15 Hz and 6 Hz, -GH 2 CH»), 6.30 (d, 1H f J = 15 Hz, 
=CHCO), 7.22 (s ( 2H. 2 x arcrnaiic H). 

40 Example 9 

alpha-l3,5-Di-tert-buiyl-4-hydroxyphenylthio)-p-toluic acid (li):- 

^ (CH 3 ) 3 CX (CH 3 ) 3 C 




(CH 3 ) 3 C/ (CH 3 ) 3 C/ 



(ID (ID 



HO-^^S-CH 2 -^^-COOH 



To a solution of 2,6^i-tert-butyl-4-mcrcaptophencl (II) (500 rng) In ethanol (5 ml), 5N sodium hydroxide 
solution (0.83 ml] was added while cooling with ice in nitrogen stream, and the resultant mixture was kept at 
the same temperature for 3 minutes. After addition of aipha-bromo-p-toluic acid (451 mg) thereto, the reaction 
mixture was stirred for 1 hour, ooured into water and made acidic with 2N hydrochloric acid In the presence of 
60 ethyl acetate, followed by extraction with ethyl acetate. The extract was washed with water, dried over 
magnesium sulfate and concentrated under reduced pressure. The residue was chromatographed on silica get 
and eluted with a mixture of n-hexane and ethyl acetate (9 : 1 to 2 : 1 by volume). The collected fractions were 
concentrated under reduced pressure, and the crystalline residue (655 mg} was recryslaJllzedfrom a mixture 
of ethyl ether and n-hexane to give the objective compound (li) (620 mg). m,p., 177 - 179°C, Yield, 79.3 *A>. 

6b 
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Elementary analysis (^H^eOsS): 



Calcd. 
Found 



W; C. 
(<Vb): C. 



70.93; H. 
70.97; H, 



7.58; S, 
7.52; S, 



8.61. 
8.43. 



IR v max (CHCIa) cm" 1 : 3640, 3525, 3015 (br), 1733, 1895, 1611, 1578.NMR 8 ppm (CDCtj): 1.S5 {s, 18H), 3.97 
(3. 2H), 5.22 (e, 1H), 7.07 (s, 2Hl, 7.23 (2H, A 2 8 2 q-A part J — 8Hz), 8.00 (2H, A2B 2 q-B part J = 0Hz). 

The pharmacological activities ot some of the compounds (I) are illustratively shown in the following Tost 
Examples. 

Test Example 1 

Activity of the suppression on the oxidation ot LDL by Cu*\ forming denatured 101:- 

Tha suppressive activity was evaluated by (1) the suppression of the increase in the formation ot 
thiobarbituric acid-reactive 6ubetanoe (TBA reactive eubetance) and (2] the suppression of Incorporation of 
cupric ion oxidized LDL by macrophage measured as trie amount of Incorporated u C-olelc acid as its 
cholesteryl ester. The observation was carried out In the manner as set forth below according to the disclosure 
in Yokodo et al.: Journal of Clinical Investigation (J.C1in.fnveet), 81, 720 - 729, 1988). 

The test compound was dissolved in dimethyl sulfoxide (DMSO) to make a concentration of 250 mM and 
diluted with ethanol to make a final concentration of 2 mM. For comparison, 2,8-dl-tert-butyM-methylpheno! 
(BHD was dissolved In ethanol to make a final concentration of 2 mM. 

Separately, human LDL was suspended in a 5 u.M copper sulfate solution (II), prepared by the Yokode et al 
method, to make a coricenlralion of 0.38 rng/ml. To 1 ml of the suspension, 10 of the test compound solution 
were added to mako a final concentrate of 20 \iM. foflowed by incubation at 37°C for 24 hour/9 fin the presence 
of u C-oleic acid. 

(1) Quantitative analysis of peroxidized lipid (TBA reactive substance):- 

Said incubated solution was rubjected to measurement of the amount of peroxidized lipid es the amount of 
malondialdehyde estimated frc-m the amount or the TBA reactive substance. Narrmly, Lh« TBA reactive 
substance in the supernatant o the incubated solution after removal of proteins therefrom was measured by 
the TBA method. The results are shown in Table 3. 

Table 3 



Test compound 


TBA reactive substance 




(nmol 




maicndlaidehyde/mg 




protein) 


lb 


27.8 


Birr 


31.9 


Control 


48.S 



10 



IS 



20 



25 



30 



36 



40 



(2) Activity of the suppression on the Incorporation of LDL by macrophages > 

Said incubated solution was combined with macrophages to make a concentration of 60 jig/ml In terms of 
proteins and Incubated in a C0 2 incubator at 37*C for 6 hours in the presence of "C-labeJed oleic acid. The 
amount of LDL taken Into macrophages was determined as the amount of ttie Incorporated 14 C-oleic acid into 
macrophages as its cholesteryl ester. The results are shown In Table 4. 

Table 4 



Test compound 


Cho'esteryl.[ 14 C] oleate 




(imol/mg of cell 




protein/6 hrs) 


lb 


0.52 


BUT 


0.24 


Control 


3.18 



45 



60 



55 



€0 



As understood from Tables 3 and 4 above, the compounds (I) exert remarkable suppression on the 
production of peroxidized lipid by oxidation of LDL and also prevent the accumulation of cholesteryl esters In 
macrophages. 

65 



11 



JAN 07 *00 10=35 



800-422-1337 



PAGE. 12 



To: Sherry Knowles 



From: ReedFax Information ServiceUm) 
BP 0345203 A1 



1-7-2000 10:28am p. 13 



of 15 



10 



15 



Test Example 2 

<mn «ntrifunod at 1 000 a for 10 mMutes. The supernatant was kept at -80 1 C for storage. 

and o i S of the dnuflon was combing with ethanol as a vehicle or the test confound i (30 ul) followed by 
£££*i K TforSO minutes. The reaction was interrupted by tfdfen of ^^oq^^um 
BKn in ethanol (20 u.1) and 25 »/* metaphosphorlc acid (125 ul) and subjected £ mtfon of proteuis. The 
iSbed lipid K the supernatant was measured by the thiobarbtturic acid (TBA) method according to the 
*S££ In ^Ohtevtt et ah AruL Blochem., Vol. 95, page 351 (1979). The produced amount of parodied 
Hp^dmeasurcd aeTBA reactive sjbstance was compared with that in the ethanol-added group end expressed 
In o/o control, The results are shown In Table 5. 



Table 5 



€0 



$5 





Test 


Final 


Peroxidized 


20 


compound 


concentration 


Lipid produced 




(mM) 


(expressed 








in<Vb to 








control) 


ZD 


la 


0.001 


85.7 






0.01 


22.6 






0.1 


6.9 




lb 


0.001 


78.8 






o.ot 


6.1 


30 




0.1 


0 




Ic 


0.001 


07.3 






0.01 


24.9 






0.1 


6>4 


36 


Id 


0.001 


87.9 






0,01 


10.1 






0.1 


3.8 




le 


0.001 


85.5 






0.01 


22.5 


40 




0.1 


6.4 




It-b 


0.001 


96.8 






0.01 


72.8 






0.1 


10.3 


AS 


Ih 


0.001 


97.4 






0.01 


39.3 






0.1 


6.6 




li 


0.001 


93.4 






0.01 


28.5 


SO 




0.1 


5.3 




Probucor 


0.001 


102.4 






0.01 


58.3 






0.1 


27.8 


55 


Note: 







• Commercially available (Me ck in dcx ( 1 0lh Ed.) 
7657). 

It is understood from Table 5 above, the compounds (I) according to the invention show an excellent 
anti-oxidation activity to lipids and can be expected to Inhibit the formation of atheroma (the initial process for 
arteriosclerosis). Thus, they would be useful an arrtl-scierosls drugs. 

In addition, the compounds (I) are expected to show prevention of the Incorporation of denatured LDL by 
macrophages due to cigarette smoking. 
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Claims 



i . A phenolic thioether of the formula: 
(CH 3 ) 3 C 




w 

tCH 3 ) 3 C 

wherein R is a hydrogen atom or a protective group for carboxyl. X Is a straight or branched C4-C15 
alkylene group, a straight or branched C1-C15 alkylene group having a phenylene group or a straight or 
branched C2-C15 alkenylene group. is 

2. A phenolic thioether according to claim 1 which is a$,5-dMerl-butyl-4-hydroxyphenyllhlo-(C4-Ci5)a> 
kanoic acid, e.g. &-(3^-dMert-butyM-hydroxyphenyithlo)p9ntanoic acid, 6-(3,5^l-tert-butyl-4-hydroxy- 
phenylthlolhexanoic acid, 7-(3,5-dt-tert-butyl-4-hydroxyphenylthio)heptanolc acid, iv(3,5-dl-tert-butyt- 
4-hydroxyphenylthio)undecanoic acid, or 12-(3,5-dl-tert-butyl-4-hydroxyphenytthio)do- decanoic acid, a 
3,5-dl-tert-butyl-4-hydroxyphenytthio- (Ca-Cis)allcenoic acid. e.g. 3-(3,5-di-tert-buty1-4-hydroxyphe- 20 
nylthlo)acrytic acid, 6-(3,5^i-iert-butyM-hydroxyph8nylthlo)-2,4-hexadienolc acid, or 4-(3,5-di- tert-butyl- 
4~hydroxyphttiy!thio)crotopic add, a 3^-dl-tort-butyl-4-hydroxyphenylthio*(Ci-Cn)alkyt. benzoic acid, 

e.g. alpna-(3,5-di-tert-butyi-4-hydroxyphenytthlo)-p-iofuic acid. 

3. A salt of a phenolic ethar as claimed in claim 1 or claim 2. 

a. a process for the production of a phenolic thioether as defined in claim 1 or a salt thereof, which 25 
process comprises renctlnc a compound of formula 

(CH 3 ) 3 C 




(ID 



30 



(CH 3 > 3 

with an alkylating agent, optionally followed by carboxyt-protecting group formation, carboxyl-protecting 
group elimination, or salt formation. 55 

6. A pharmaceutical or veterinary formation comprising a phenolic thioether as defined In claim 1 or 
claim 2 or salt thereof form dieted for pharmaceutical or veterinary use, respectively, optionally together 
with an acceptable diluent, carrier or excipient and/or In unit dosage form. 

S. A pharmaceutical composition for the prevention or treatment of arteriosclerosis, which comprises 
an effective amount of a phenolic thioether as defined In claim 1 or claim 2 or salt thereof as an active to 
ingredient, and a pharmaceutical ly acceptable inert carrier or diluent. 

7. A phenolic thioether as defined In claim 1 or claim 2 or salt thereof for use In the prevention or 
treaiment of arteriosclerosis. 

8. The use of a phenolic ihioether as defined in claim 1 or claim 2 or salt thereof In the preparation of a 
medicament. 43 

9. A method for the manufacture of a pharmaceutical or veterinary formulation comprising formulating a 
phenolic thioether as defined In claim 1 or claim 2 or salt thereof for pharmaceutical or veterinary use, 
respectively, optionally together with an acceptable diluent, carrier or excipient and/or in unit dosage 
form. 

SO 
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